
Index

acceleration of particles, 430–436
betatron, 431
Fermi, 432–436
first-order Fermi, 434–436
magnetic pumping, 431
magnetospheres, 385–389
runaway, 430
shock drift, 436

accretion, 232–236, 279–280
adiabatic processes, 75

CGL, 81
index, 75, 454
invariants, 65–66
temperature gradient,

127
Alfvén

ballerina, 36, 296–299
theorem, 89
wave, 93

asteroid
belt, 336
magnetised, 357, 412
mass distribution, 339
Vesta, 412

astrosphere, 442, 448
aurora

Earth display, 3, 372–389
at giant planets, 374
ovals, 374, 377, 386,

388
physics, 385–389

belt
asteroid, 336
Kuiper, 336
radiation, 384

Bernoulli theorem, 74–75
Biermann, 6
Birkeland, 4

currents, 379

Bohr
energy, 101
radius, 101

Boltzmann equation, 70
Boojum, 213
breeze, 230, 235

Carrington, 2
CGL relations, 81
chaos, 320
charge exchange, 107

at comets, 407
interstellar neutrals, 422
at planets, 365

collisions, 48–54
comet, 394–408

atmosphere, 397–399
coma, 400
dust tail, 408
Halley, 395
ionosphere, 400–401
magnetic cavity, 404
magnetic pile-up,

403–404
mass loading, 401
nucleus, 394, 395
pick-up, 401–402
plasma tail, 5, 404–406
X-ray emission, 406–408

composition
solar, 326
solar wind, 326

conductivity
electric, 86–87
thermal (collisional),

81–84
continuity equation, 69
convection, 125–135

mixing length, 128
Schwarzschild criterion, 127

457
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458 Index

convective
collapse, 153
derivative, 68
energy flux, 130

Coriolis force, 143
corona, see solar, corona
coronal mass ejection, 176, 197–203,

309–311, 374
Corotating Interaction Region, 308–309
corotation

magnetosphere, 383
solar atmosphere, 300

cosmic rays, 425–440
anomalous, 429, 439–440
energy density, 421, 425
energy spectrum, 427
modulation, 427, 436–438

cross-section
charge exchange, 107
ionisation

impact, 105
radiative, 104–105

neutrals, 48
recombination

dissociative, 106
radiative, 104–105

Thompson’s, 21
current

Birkeland, 379
Chapman–Ferraro, 410
electrostatic charging, 352–355
heliospheric sheet, 36, 296–299
in magnetosphere, 379, 382,

385
magnetic pile-up, 409
ring, 386, 411

cyclotron
damping, 100
frequency, 60
radius, 60

de Laval nozzle, 277–279
at comets, 412
solar wind, 232

Debye shielding, 44–47, 107
drift velocity, 61–63
dust

evaporation, 394
Lorentz force, 393
plasma drag, 393

at comets, 408
drag on gas, 412

mass distribution, 339
physics, 390–394
Poynting–Robertson drag, 391–392
radiation pressure, 391

dynamos, 138–145

Earth
aurora, 372–375
basic properties, 337
bow shock, 370
climate, 10, 379
ionosphere, 346
magnetopause, 368
magnetosphere, 372–389
wind speed, 446

ecliptic, 24
electric field

Dreicer, 259
Hall, 95
magnetospheres, 381
solar wind, 257–259, 268–272,

295–296
electrostatic charging, 352–356
energy

Bohr, 101
dipolar magnetic field, 379
equation, 75, 82–85
Fermi, 56–57
interstellar medium, 421
ionisation, 101
kinetic

non-relativistic, 43
perfect, non-degenerate gas, 454
ultra relativistic, 57

magnetic, 91
nuclear fusion, 118
radiation, 116

enthalpy, 75
Euler equation, 75

Fermi energy
non-relativistic, 56
planet interior, 342
stellar interior, 122
ultra-relativistic, 57

fluid, 72–85, 100
infinite hierarchy, 73
versus kinetic, 84–85
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Index 459

Fokker–Planck equation, 70
fragmentation equilibrium, 340
free path

charged particles, 53, 84
neutrals, 48
photons, 117

giant planets
aurora, 374
ionospheres, 347
magnetospheres, 367

guiding centre, 62
gyrofrequency, 60

heat
conductivity (collisional),

81–84
transport, see heat flux
water sublimation, 397

heat flux, 81–85
collisional, 81–84, 256
kinetic, 263
non-collisional, 272, 284–285
observed, 257
polytrope, 239, 256

heating of corona, 203–213
helicity, 143, 181–185, 191, 198–200
heliosphere, 419–425

heliopause, 421
heliosheath, 421
hydrogen wall, 423, 445

helium, 327
hydrogen

binding energy, 101
wall, 423, 445

Inca quipus, 181
induction equation, 87
inertial length, 313
instability

convective, 127
convective collapse, 153
fire-hose, 273
kink, 180
two-stream, 99, 318

intermittency, 320, 325
interstellar medium, 419

energy, 421
Local Cloud, 420

solar wind interaction, 421

local fluff, CLIC, 420
magnetic field, 421
neutrals, 422

ionisation, 101–107
at comets, 400–401
atmospheres, 344–347
by charge exchange, 106
by compression, 102, 343
by impact, 105
Chapman layer, 346
in heliosphere, 424
radiative, 103–105
Saha formula, 103
solar wind, 110

isothermal, 75

Jeans theorem, 70
Jupiter

basic properties, 337
magnetic tail, 383
magnetopause, 368
radioemission, 374

kinetic, 66–72, 100
Kuiper belt, 336

Landau
damping, 99–100
radius, 50

length
Debye, see Debye shielding
inertial, 95

Liouville theorem, 69
Lorentz

factor, 59
force, 59, 90

magnetic
buoyancy, 151–153
bottle, 64
cloud, 310
diffusion, 87–88, 139

turbulent, 144
dipole, 455
energy, 91
flux rope, 198
flux tube, 150
forces, 90–92
helicity, 181–185, 198–200
mirror, 64
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460 Index

magnetic (cont.)
moment, 63–64
monopoles, 58
pressure, 91

magnetospheres, 366
solar atmosphere, 176
solar wind, 348

storm, 3, 385–387
substorm, 387–389

magnetic field, 58
amplification, 139, 147
dipolar, 34, 455

energy, 379
force-free, 177
freezing, 88–90
interstellar medium, 421
pile-up, 361, 364, 403–404,

409
planets, 347
potential, 177
reconnection, 95, 376
spiral structure, 291–299
twist, 178–179

Magnetohydrodynamics, see MHD
magnetosphere

aurora, 385–389
basic structure, 375–385
Chapman–Ferraro, 410
circulation, 384
corotation, 383
current, 379, 382, 385

Birkeland, 379
ring, 384, 386, 411

cusps, 376
energy input, 378
induced, 361–365
magnetised planets, 365–389
magnetopause, 366
magnetosheath, 368
particle acceleration, 385–389
polar caps, 376
radiation belts, 384
storm, 385–387
substorm, 387–389
tail, 381–383

Mars
aurora, 373
basic properties, 337
interaction with solar wind, 363
ionosphere, 346

mass loss
solar wind, 232, 238, 243, 248
stars, 443–447

Maxwell equations, 58
Mercury, 337

atmosphere, 344
basic properties, 337
magnetopause, 368
magnetosphere, 367

meteors, 336–341
MHD, 85–96, 100

discontinuities, 314–315
non-ideal, 94–96
shocks, 311–315
turbulence, 323–325
waves, 92–94

mirror asymmetry, 59, 143, 181–185
momentum equation, 73, 82
Moon

atmosphere, 344
basic properties, 337
electrostatic charging, 409
wake, 358–360

Navier–Stokes equation, 82, 320
Neptune

basic properties, 337
magnetopause, 368

nuclear fusion, 119

opacity
photosphere, 133
solar interior, 117

Parker, 6
critical point, 228, 233, 243
spiral, 291–299

pick-up, 328–329, 365
at comets, 401–402

pitch angle, 60
Planck emissivity, 11
planets

atmosphere, 344
scale height, 337

basic properties, 337
bow shock, 368–371
ionopause, 363
ionosphere, 344–347

Chapman layer, 344–346
electric conductivity, 348
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Index 461

magnetic field, 347
dipolar, 455

magnetosheath, 368
magnetosphere, 361–389
mass density, 343
rotation, 347

plasma
beta, 92
collisions, 50–54
coupling parameter, 44, 51
degenerate, 56
diamagnetic, 60
drag, 392–393
free path, 53, 85
frequency, 47, 55
oscillations, 54
transport, 83–85

Pluto, 337
atmosphere, 344, 347
basic properties, 337

polytrope, 75
Poynting–Robertson force, 391–392
pressure, 72

Fermi, 56–57, 454
ionisation, 102
kinetic, 72, 348

ultra-relativistic, 57
magnetic, 91, 348
perfect, non-degenerate gas

non-relativistic, 44, 72,
454

ultra-relativistic, 57, 454
ram, 348

quantum degeneracy, 56

radiation
belts, 384
blackbody, 11
energy density, 116
flux in stars, 127
force, 391–392
G-band, 155
losses, 186–187

radius
Bohr, 101
cyclotron, 60
of gyration, 60
Landau, 50
Larmor, 60

random walk, 82
ratio of specific heats, 75
recombination

dissociative, 106
radiative, 105

Reynolds number, 82
magnetic, 88

rigidity, 430

Saturn
aurora, 374
basic properties, 337
magnetopause, 368

scale height
corona, 21, 177
photosphere, 15, 132, 177
solar atmosphere, 177

shock, 77–80
drift acceleration, 436
Fermi acceleration, 434–436
magnetised collisionless,

311–315
MHD, 311–315
planets, 368–371
Rankine–Hugoniot, 80
terminal, 424–425

shower curtain, 74
solar

activity, 142–158, 191–203
cycle, 16

atmosphere
scale height, 177

basic properties, 9
chromosphere, 19, 166–174

corona transition, 189
density, 166
temperature, 166

constant, 10
convection, 125–135
corona, 19–24, 166–216

coronal holes, 24, 167, 191, 216,
307

density, 166
F, K, 336
filaments, 193
heating, 203–213
temperature, 166, 190
visible radiation, 19
X–UV emission, 22–24, 191,

194–204
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462 Index

solar (cont.)
disc, 13

limb darkening, 14
eruptions, 195–203
flares, 195–203
granulation, 15, 134–135
interior, 124–125

convection, 125–132
models, 124
nuclear lifetime, 119

ionising radiation, 345
loops, 174, 191
magnetism, 137–158

surface, 15–18, 154–158
neutrinos, 125
opacity, 117, 133
oscillations, 125
photosphere, 10, 13–15, 132

scale height, 15, 132
probe, 275
prominences, 175, 193–194
rotation, 135–137
spectrum, 10
spicules, 174, 191
supergranulation, 15, 154

solar wind
angular momentum, 300
basic properties, 348–351
bubble, 424–425
current sheet, 296–299
electric field, 257–259, 268–272,

295–296
exospheric, 268–274
fast, 27, 30, 253, 308
heat flux, 256–257
interaction with bodies, 349–412
magnetic cloud, 310
magnetic field, 291–305
mass loading, 401
mass loss, 33, 232, 238, 243, 248, 311
minor constituents, 326–329
observations, 24–33
polytrope, 239–245, 281
pressure

kinetic, 348
magnetic, 348
ram, 348

slow, 27, 30, 308
solar connection, 305–307
temperatures, 253

theory, 223–277
turbulence, 323–325
velocity distributions

electrons, 264
protons, 264

waves, 315–318
space weather, 197, 311, 389
spacecraft

early wind observations, 7
Pioneer, Voyager, 24, 304
solar observations, 9
strawman payload, 26
Ulysses, 28–30
wind observations, 24–33

speed
Alfvén, 92
escape

planets, 344
Sun, 228

magnetosonic waves, 94
mean square, 67, 267
most probable, 67, 267, 454
sound, 76

sputtering, 372
star

accretion, 232–236, 279–280
brown dwarf, 113, 123, 343
central temperature, 116
lifetime, 119
luminosity, 116–118
main-sequence, 114
mass, 121–123
pulsation, 120
stability, 121
wind, 440–447

Sun, see solar
sunspot

Janssen’s photograph, 2
modern photograph, 13
physics, 156–158
properties, 15

supernova, 431, 440

temperature, 43, 283–284
adiabatic gradient, 127
comet plasma tail, 404
effective, 10
Fermi, 57
ionosphere, 347
kinetic, 43
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Index 463

photosphere, 10
solar

corona, 190
interior, 124
wind, 253

stellar interior, 116
Thomson scattering, 20
time

Alfvén, 96
free-fall, 120
Kelvin–Helmholtz, 119
nuclear, 119
pulsation, 120

transport
heat, 81
in plasmas, 83–85
momentum, 81

turbulence, 318–325
Kolmogorov law, 321–323
Kraichnan, 330
MHD, 323–325
solar wind, 323–325

Uranus
basic properties, 337
magnetopause, 368

vector
identities, 456
pseudo, 59

velocity
average, 67
drift, 61
filtration, 72, 109, 209–213

velocity distribution
bi-Maxwellian, 81
kappa, 201, 265, 282
Maxwellian, 67–68, 454

solar wind electrons, 264
solar wind protons, 264

Venus
basic properties, 337
interaction with solar wind,

363
ionosphere, 346

Virial theorem, 115
viscosity, 81–84, 249, 320
Vlasov equation, 69

wake, 357–360
waves

conventions, 98
electromagnetic, 96–98
fast, 94, 311
in solar wind, 315–318
ion–acoustic, 76–77
Langmuir, 98–99
MHD, 92–94
planets, 389
shock, 77
slow, 94, 311
sound, 76
whistler, 98

wind
astrophysics, 442
Earth atmosphere, 446
star, 443–447
Sun, see solar wind

X-ray emission
comets, 406–408
heliosphere, 326, 423
planets, 326, 365
solar corona, 22, 191

zodiacal light, 336
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